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VATER TOADS ON THE XJL-1 HULL AS OBTATNED .
IN TANGIEY IMPACT BASIN
T TED No. NAGA 2413.3

By Margaret F. Stsiner and Robert W. Miller
SUMMARY

An investigation wvas conducted in the Ie.ngley impact basin of
the water loads on & half scales model of the XJL-1 h1_.111 whose fore-
body has & wee bottom with exe.ggera:bed. chine flare.

The Impact load.s s moments , end pressures were determined for a
range of landing conditions. A normal full-scale landing speed of
86 miles per hour was represented with effective flight paths ranging
from 0.6° %o 11.6°. ZLendings were made with both Tixed ‘trim and
free-to-trim foufiting of the float over & trim range of —15 to 12%
into smooth water and Into. waves having equivalent full-sca.le 1ength
of 120 feet and heights ranging from 1 to 4 fest.

A1l date and results presented in "Ehls report ere given in terms
of eguivalent full-scale values. Summaery tables and illustrative
plots are used in presenting the material, :

The following meximum valuss of load and pressure are those which
are apropos for effective flight paths less than 6.5° s which was the
meximum value obtained in tests with the XJL-1 hull model representing
full-scale landings’ with vertical velocity of L, 5 fee’s per second 1n'bo
k- foot waves: T

The maximum local pressure on the flat porbion of ths bottom is
130 pounds per squaere inch which was measured on a 2-inch-diemeter
circular area near the step. The maximwm local pressure obtained in
the. curved areca near the chines 1s 200 pounds per squere inch. This
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2 NACA RM No. L6I03

pressure vas 8lso measurcd near the step, At pointa towmrd the bow
maximum local pressures are less then those occurring near the stey.
There 1s also & decrsese in pressure megnitude from the keel toward
the chine on the flet portioms of the bottom.

The everage distributed preesures on large areas of flat plating
comrrising one-third of the semiforebody bottom are about four-tenths
cf the maximum locel pressure obtained in the same arec. Averzge
rressvres on plating intermediate in size between the 2-inch-dismeter
cllcular ereas and one-third the area of the semiforebody bottom are
e roximately estimated by straight line interpolation betieen the
maximm local pressure in the small area and the average distiibuted
rressure on the large ares embracing the considered region.

The maximm verticel loed factor is 6.kg which wes cbteined in a
landing involving the ster region. The maximum horizontal loed factor
of 3.6g and the meximm rotationai eccelomation of 12,6 rediani per
second per second were obtained in landinge involving the pulled-up
bow reglon.

It wes observed that an incresse In wave height and alsc an
Imeraion cf the reversed chine resulted in an increase in over-all
wator load; wherees fresdom-in-trim during sn impect resulted in =
slight alleviation of local losda, perticularly in bow-first landings,
a3 compared to loads obtained with fixed trim of the float.

INTRODUCTION

Conailderable interest is exhibited by designers in the
magnitude end distribution of water loeds which are imposed on hull
bottoms during landings. In the past, the Langley impact basin has
done extensive work in determining the over-all loads on a stendard
vee-bottam float over a range of flight paths. The tests heave all
been made in smooth water with the flcet held at & fixed trim
throughout an impsact.

At the request of the Bureau of Aercnautics, Navy Depertment,
in a letter dated March 27, 1945, Aer-E-2422.TFK, en investigation
be.s been conducted of the water loads on the XJL-1 float, whose
forebody bes & vee-bottom with exaggerated chine flare. The purpose
cf the investligation was to determine the maximum pressures, over-all
losds, and moments which wers imposed upon the float during water

impacte.,

The XJL-1 airplsne is a sea-rescue emphibian which 1s expected
to opcrate in comparatively aevere seaway conditions. Beeauss ef this
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gome of the immacts of the float model on smooth water were made &t
high flight paths to simmlate landings on the steep slope of & wave.
In addition, landings of the model were made at’ normal flight paths
into waves.

Part of the impacts were made with the float mounted free to trim
to provide load date under” conditions asg c:lose].;r representative of
actuael landings =8 possi'ble. : - .

The results obtained. :E'rom these tests provide epecific load date
for the XJL-1 float and provide a rough evalwation of the effect of
vave height end freedom of +trim upon Impact loeds.

APPARATUS AND INSTRUMENTATION

(A11 dimensions cited in this section pert_e:_i_n to the model tests.)

The half.-scale model of the XJL-1 hull used in the tests was of
all-metel construction. The -structural meuwbers in the float bottom
were the seme size as those used in the full-scale alrplane and were
therefore considerably overstrength. The vee portion of the bottom
had en angle of dead rise of 20° except in the pulled-up bow region,
end the forebody was characterized by exaggerated chine flare which
extended from the step to the pulled-up bow.

The full-scale XJL-1 hull lines are presented in figure 1 and two
rhotographs of the model are shown in figure 2. Other pertinent
informetion concerning the XJL-1 hull and the ha]f-scale model is
given in table I. . .

Mhe standard appa.ratus of the impe.ct 'basin d.escribed. in detail
in reference 1 was used during the tests., It consists principally of
e caetapult, e launching carriage to which the float is attached during
each run, and an arresting gear. In addition to the apparatus therein
described, the present test incorporated the use of a wavemsksr which
congists of a reciprocating flapper driven by an sircraft engine
through & gear train and crank. The generated waves progressed at &
veloclity of approximately 15 fset per second in a d.irection onposite
to that of the model.

The float model was attached to the ca.rriage at three points
- during the fixed trim tests, The two maln front support points were

on & trangverse line through the location of the center of gravity of
the alrplane and 9 inches ebove the center of gravity of the float.
The thlrd support point wes located sabout 20 inches aft of the mein
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supports and wag fixed by & link of such length as to provide a glven
trim durirg & run. Wire etrein gages were mounted on thie link during
aeveial of tae fixed-trim runs in order to messure pliching moment.

The float was supported et the two mein front points during
free-to-trim tests. It was held at & Ffixed trim prior to contact by
meens of & locking mochanism. After contact 1t was free to rotate
about the transverse line through the center of gravity of the alrplane
over a trim range of -6.5° and 22,5°, Beyond those limits the float
was restrainsd in angular displacement by two shock struts which were
otteched 60 inches fore end aft of the main pivots as shown in figure 3.
The buffer asction extended the trim range 5° in each direction
before a gtop was reachsd.

A dynamometer or load-meesuring trues was installed between the
float and the carriage support polnts in free-to-trim tests as shown
in figure 4. This truss was & tubular structure with vertical,
horizontal end transverse mombers oriented so that they wers subject
to the regpective force reactions at the support pointa, Wire strain
geges were mounted on the tubes and eech installation was enclosed
within metal bellows which were hermetically sgeasled and which contained
e dehydreting agent to eliminste excessive moisture.

Two ptrain-gage accelerometers of the sume type of construction
were alectrically connected to obtain angular acceleration directly.
These acceleromsters were located on a longitudinal line paselng
throush the main tranaverse axis of rotation and at e distance of 6
Test fore and aft of the pivota. Each acceleromster had a naturael
vane freoquency of 10 cyclea per second.

A stendard NACA thres-component accelerometer was used to obtain
the vertical component of over-all loed of the floet. It had a natural
vane frequency of 21 cycles per second and a critical damping of 0.8.

A simller acceleromster was used to measure horizontal acceleration
of the carriage and float from which the horizontel component of the
over-all loed wes computed, It had a vane frequency of 13 cycles per
second.

The instruments used to measure horizontel and vertical dis-
placcment ahd horizontal and vertical velocity were the same standard
instruments degcribed in reference 1.

A control-position transmitter was adapted to the besin equipment
to moasure angular displacemsnt as ghown in figure 5.
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Sixteen induction-~type electrical pressure gages were used to
weagure water pressure on the bottom. Their locations are indicated
in figure 6 end specified in table IT. A photograph of several of the
gagoes in place in the hull bobtom is given in figure 7. The measuring
dit phragn of each gage was 1 inch in dismeter and hed a naturel
frequency of 500 cycles psr second. It reacted linearly over & range
of 0 to 80 pounds per square inch.

An elesctrical wove meter was located on the side of the tank to
obtain epproximate weve profiles. It consists of a numbsr of
nlectrical contacts spaced at 1~ inch intervals on a vertically
mounted steel tube. The wetting of successive points with the rise.
and fall of the water line with time was indicated on o record so
that an incremental time history of the vertical d.ispla.cement of the
wayvs wasg provided. . _—

e m m = e m m e = = - ——

‘JEST PROCEDURE

The total model weight rangsd from 1680 to 1800 pounds which
corresponds 40 .a gross welght of the full-size ailrplane of 13,440
to 1k,L00 pounds. The mass of the model wes distributed so that the
scaled pitching moment of inertias of the airplane was maintalned
during free-to-trim tests.

During the immersion process, the wolght of the model was counter-
balanced by & 1lift engine so that a wing 1ift of lg was simlated
throughout the lmpacts.

The test conditions whlch were lnvestigated are: given in table IIT.
The range of the effective trims which was covered was from. -15° to 12°
end the range of flight paths which wes covered was from 0.6° to 6.4°
with e forwerd speed corresponding to a full-scale landing speed of
86 milss per hour. Two runs were made at & forward speed lower than
the scale speed in ordsr to obtain flight paths of 11.2° and 11.6°,
These runs wers mado.at fixed trims of -3° and 0° and simlated
land.jl‘lgs on the Tlank of a wave at normal flight path. The gensrated
wives used in all but ome run of the rough-water tests were :
representative of full-gcale waves 120 J.eet in length and. approﬁma'bely
one to LI Ffeet in height, :

The general test proced.ure , &8 described in detail in reference 1,
consists of placling the launching carriage bearing the test float in
Tiring position, catapulting the carriage, tripping the dropping weight
mechanlism so that the float falls freely to.contact the weter at a

given velocity. The impact tekes place, end finally, the carriage is
exrrested.

——— - w1
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The tests were divided into two mein parts. The first portion
sonsisted of runs made with fixed trim mounting of the float into
botn smooth water and waves. The second portion conslsted of runs
mace with free-to-trim mounting of the float into both smooth water
and weves.

PRECISION OF DATA

All dete obtainod during the model tests have been converted to
apply to the full-slize airplane., The megnitudes of the different
veriables are congidered accurate within the followlng limits:

Vertical displacement, INChes . o « o + 4 s o o o o o o o o o » 05
Horizontal velocity, feet per secomd . « &+ + « o« o « « o « » » 0.5
Vertical veloclty, feet per second .0 v « ¢ v v ¢ ¢ o o o o .02
Vertical and horizontel acceleration, retio cf measured
ecceleration to &acceleration of gravity . « ¢« & ¢ ¢« ¢« « « o #0.3
Resul‘tan‘bforce,pmmds............-.....o moo
Angular displecement, GOETEEH ¢ « o 4 o o ¢ o o ¢ 0 o s 0 o« o FOD
Angular acceleration, radlens per second per second .+ . . . . . £1.0
.P!‘essure, pound.s rer sgquare inch e & 2 8 & e e ® & & & v 8 aiE.o
Waveheigh‘t,feet..................-.. -:ho.l

TABLES OF SYMBOLS

v velocity, feet per seccond
F hydrodynamic load, pounds
i flight path, degrecs
trim, angle betwecn f£loat forebody keel and reference (horizomtal

-3

unless otherwise stated), degrees

B8 engle of dead riso, decgroes

o] nags density of water, 1.972 slugs por foot3

ny impact load factor, multiples of gravity

¢ angle of line of actlon of ¥, with respect to the vertical, degrees

d vertical displacement, inches
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I, ©pitching moment of inertis of airplane around airplane center af
gravity, 19,410 slug feet2 —.

1 arm of F, respect to airplane center of gravity, feet

x horizontal distence of point of application of F to airplane
center_of gravity, feet (determined graphically from data)

P water pressure, pounds per square inch
@  enguler acceleration, rafisns per secopd?

M pitching moment around transverse axls through alrplane center
of gravity (M = Ise = F1 + moment due to float c.g. being
offset from airplane c.g.), pound feet .

6 wave incline (at point of contact) o horizontal degrees

(underlined values ere maxinmmﬂ

Subscripts:
v in vertical direction ' ) -
h  in horizontal direction

e - effective, referring to plane of water surface (Vs is normal
to water surface)

n normal Yo keel at step

c time of contact

L referring to keel line at step ) CooT
PRESENTATION OF RESULTS

The results of the tests are pregented in the form of tables and
illustrative plots. They should be considered to epply directly to
the specified test conditions. All resulis have been converted to
apply -to the full-scale alrplane landing at a horigzontal velocity of
86 miles per hour. The conversion factors used for the different
variables are listed in table I.
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Meximm local pressures for all of the wetted pressure gage
s+ations in each run are presented in teble IV, An envelcope ol these u
mnrfmum velues obtained during the teste is presented in figure 8(2).

Time histories of the pressures which were measured by eseveral
of the pressure instruments on the forebody during four typical smooth
vater mme with fixity of trim are presented in figures 9 through 12.
These time histories have been used in constructing three-dimensionel
rlots of vressure distributions at different dspths of immersion for
the seme typlcal impacts, end these distributlons are presented 1n
firures 13 through 16. The afterbody was not included sincs it usuelly
1i¢s in the wake left by the forebody and receives llittle or nome of
the over-all water loeds.

Inasmach as the limited number of pressure instruments were widely
scattered, interpolation and sextrapolation of dats wes required between
tne mecasured values and beyond them to obtain a plausible pressure
distribution over the entire wetted area of cach considered lmpact.
This was eccomplished by assuming that the pressure distribution in a
transverse line and in & longitudinel line meintsins the same general
shepe on the flat portion of the bottom with change in time or depth
of immersion durirng eny particular impect., Also usc was made of the
fact that the wator-linc pressurcs decreame with immersion pro-
portionally as the square of the decreasing voloclity of the water ]
normal to the kesl.

Geges 4 and 5 end gages 10 and 11 (see fig. 6) are symmctrically
apeced end in the shsence of pressure resulta from one, pressures on -~
the symmetrical gage are substituted.

The meximum horizontal and verticel impact loed factors which b
w.re obtalned are presented in table V. The maximum resultant loads
and engular accelerations vhich were obtained ere given in teble VI.
The piltching moment as listed is the product of the measured angular
ascceleretion and the pitching moment of inertia of the alrplanse,
19,410 slug feet squared.

Time histories of trim, engular acceleration, resultent force
with its horizontal end vertical components for the ten heaviest
impacts with freedom in trim, are given iIn figurcs 17 and 18.
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‘DISCUSSTON OF RESULTS

Water Pressures

The water pressures which were investigated fall into two genoral
cleseifications. The first ’cﬁpe_i_ the local pressure such as was

_sustained on the small circular area of the pressure gage diaphregm.

The second type may be called an average distribubed pressure. This
is defined as the total water load imposed on an area, such as between
bulkheads, divided by the area to give an average pressure which is
conslidered to be evenly distributed over the area. The latbter type is
the one most pertinent to bottom plating design since the local
pressures are directly” applica‘ble only to aereas o:E‘ “2bout § squa.re
inches.

Local pressures.- The envelope of the maximm measured local
pressures pregented in figure 8(a) is based on the results given in
table IV and covers all of the test conditions., In using it to define
the recommended local Pressures for hull d.esign certain alterations
are in order,

For.instance, the local pressures that were obtained near the
keel in the step region are recommended for use from the step to the
bow region., This is advisable because in lsndings in waves 1t is
possible to obtain initial Impacts anyvhere along_ the forebody keel.
Tn this case the velocities of the impinging wete¥ normal to the keel
and, therefore the local pressures anywhere slong the forebody keel,
may be as great ag that which exists in the step region.

Furthermore, 1t is spparent that a reduction in the pressures
shown in figure é(a) on the chine area of the forward haelf of the
forebody is permisgible. This is obvious from the free-to-trinm
results which do not render as high values in thig region as those
obtained in fixed-trim tests. Apparently, the hydrodynamic moment
which arises in & bow land.ing results in an increese in trim so that
the forward chine area is never heav:Lly loaded.

Thisg alleviation in local pressures due to freed.om in trim does
not extend to the keel region, for the bow pressures obtained in the
Tixed-~-trim tests in thet region were equaled or eXceeded in free-to-
trim runs in vhich the bow entered the flank of & wave. Impact 2 is
an example, in which a susteined local pressure of T2 pounds per
square inch was indicated on the extreme bow gage number 16 During
impact 1, which was also & bow impact, no pressure record was
ava.ila'ble but the overstrength keel at the bow was noticeably dented.
No such failure occurred in any other impact so that pressures

~

—— -—r——
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. stor then any of the recorded pressures in the bow rogion are
'1ulied, Therefore, the bow pressurcs which were obtalned neer the
el in fixed-trim tests on grges numbers 14 and 15 which are
sijecent to the extrems bow gage are recommended as being valid for
dueglign purposes.

In accordance with these observations, figure 8(a) is altered to
provide an cnvelope of recommended local pressures. These go-callud
recommended. dcsign pressures, which are presented in figure 8(b) mey
b- considered ap the maximum local pressures which are llikely to otcur
in the opereting conditions of geawey, trim, and flight path covered
by these tests.

Averase pressurcs.- The avecrage distributed pressures which are
ultimatecly sought for design purposes are thosc valuca which should
be applied to any strincer or section of plating to provide the maximum
loed to which the structure should be designed. The principal loaded
rogion which is of interest is the flat vee vortion of the forebody
bottom.

Onc memns of detormining those average dlstributed pressures for
eny desired area 13 to osteblish the relationship between the average
distributed pressurce which occur on the watted arce at timec of maximum
force in an imyact, to the meximum local pressures which werc registercd .
during tho impact on the portion of the flat plate being consldered.

Four impeéts having trims of -3°, 0°, 7°, end 10° ere studied in
dctall ag typicel oxeamplea showlng the growth of wetted aree ard the -
chenge in tho water loeding distribution on the bottom during en Impect.

Tho interpolatlions end extrapolations which wore mede in forming
“he thice-dimensional plots, given im figures 13 through 16, are
Justificd by comparing the integrated pressurcse with the mecesurcd
over-all loads,et the timc of meximm force, as noted on the plots.
The agreement wag found to be satisfactory.

Theee plots are used in estimeting the average distributed pressure
on the wetted part of the flat portion of tho bottom et the time of
meximm over-ail loed, The effected areas amd the computed average
distributed pressures for the somiforsbody are listed in teble VII.

It was fourd that the average distributed pressure at times of maximum
force wag about four-tenths of the maximum local pressure which wes
obtaired on the flat portlion of the bottom during impact.

Using this rolationship, figure 8(b) is then used to estimate the
approximate design value of average distributed pressure which should
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be applied to eny area of bottom plating intermediste in size between
the smell circuler eres and the larger areas which ere loaded at time
of maximum force in an impact. ' )

The area of flat plate which is loaded at the time of mexizmm
force is generally about one-third of the total of the forebody Fflat
plate area or about 1500 square inches on the serfiforebody. This is
arbitrarily teken as the mean wetted area on the semliforebody to which
the average distribubted pressures, which are four-tenths of the maximum
local pressure in that wetted reglon, apply. '

If it is desired to find the recommended design value of the
aeverage distributed pressure on & purticulsr section of flat plating,
the maximum local design pressure for thet area is obtained from
figure 8(b) and it applies to an area of approximetely 3 square
inches (the area of the pressure. gage dlaphragm). The average

distributed pressure for a 1500 square inch area in which the considered

flat plating is centrally located is computed by taking four-tenths of

the maximum local pressure in the lsrger region. A lineer interpolation

is then made to obtain the average distributed pressure on any ares.
intermsdiate in size betwesn the 3 and 1500-sguare-inch sveas; and
an extrapolation is mede for an area greater than 1500 square inches.

For example, if it is required to specify the average distributed
pressure on an arbitrary area such as that cross-hatched in figure 8(8)
the suggested procedure is followed. The maximum local design pressure
in this area is 80 pounds per square inch (which applies to 3
square inches of plating). The maximum local design pressure in the
1500 square inches within which the prescribed ares lies is 130 pounds
DPer square inch. -Therefore the average distributed design pressure is
4O percent of 130 s Or 52 pounds per square inch. The area of plating
with which we are concermed is 640 squere inches and the corresponding
interpolated average distributed pressure is 68 pounde per sguere inch.

The procedurs may be varied slightly when using figure 8(b) to
determine the average distributed pressure on longitudinal strips.
Instead of interpolating in terms of areas, the interpolation mey be
made on the basis of wetted widths. The reason for this is that the
cited Tfigure was evolved from measured local pressiires on three .
longitudinal rows of pressure geges, each row lying on a strip of
plating 2 inches in width. o .

For example, it 1s desired to specify the avorage distributed
pressure for the design of an 8.inch strip ddjacent to the keel
and extending from the bow to ths step. The design pressure for the
2 -inch strip adjacent to the keel is the average of the local
pressures presented in figure 8(b) or 120 pounds pér square inch.



12 NACA RM Ro. LAIO3

Tha Aesisn value of average distributed pressuvre on a 7-inch strip
adjacent to tite keel with an area of 1500 sguare inches 18 sgain
$2 pounds per square inch. Therefore the extravolated average
distributed pressure for the design of the eight-inch strip is

30 pounds per square inch. If the extrapolation is made on the
basls of areas, as in the first example, a slightly hirher wvalue,
of L1 pounds mer equare inch, la obtained.

This sugaoested procedure of interpolation or extrapolation
between or teyond local pressures end average dilstributed pressures
~pevides only a rough approximetion of the desired design pressures
on an area. The preferable method of determining panel loads would
Pa to insert measuring panels of various sizes in different locations
32 ag to measure the loads directly over a range of test conditions.
In the absence of such instrumentation, the local pressures measured
by the pressure geges have been Interpreted as dlscussed in en effort
to provide an approximation of the loads which should be appliled to
different portions of the XJL-1 hull bottom.

The afterbody is not considered in detall because it usually
lies in the forebody wake and therefore is not subj)ected to very great
loads. The average distributed pressure on the afterbody may be
sgoumed to be one-half of the afterbody meximum local pressure, for
conservatlive design.

Over-4ll Toads

The losd factors which are presented in table V specify the
magnitude of the inertis losd which must be considered in the deslgn
of concentreted welght supports, such as engine mount, pilot's seat,
atiachments, etc. and are pertinent in over-ell hull design.

The maximnm verticel losd factor vas 18.9g which wes obtained in
e run with Tixed effective trim of 0° and with an effective flight
path of 11.5°, The impact simulated the flat contact of the float
againat the flenk of e weve.

The meximum horizontal load factor wes 6.8g which was obtained
in & rn with fixed effective trim of negetive 3° and an effective
fii~ht path of 11.3°. The impact simulated e bow impect against the
flank of a wave.

Both of these runs eppear to be representatlve of full-scale
lendings into waves i1f in such lsndings the peak load 1s reached befors
the trim chenges appreclably. However, the date from this test are
too limited to verify or disprove this postulate.
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The applicability of the loads for design purposes also depends
upon the probability of effective flight paths of gbout 11° being
reached in lendings in waves. In exam:.ning table V, it is seen that
no flight paths of greater than 6.5° were reached in forebody impacts
in waves with fresdom of trim of the float model, Therefore, this
flight path is taken as the upper l:lmit like]y to be reached in the
specified seaway conditions. :

The maximum vertical load factor obtained in this scope of
flight paths was 6.4g which was obtained in an impect involving the
gtep region. The maximum horlzontal loed factor wa.s 3. 6g which was
obtained in a bow impact in h-foot Waves.

In landings in higher waves 67 in hard impacts with lower
horizontal velocity (such as those following a bounce), higher flight
paths would be reached and the higher loads reached in the fixed trim
runs might well be equaled. On the other hand, since the resulbtant
velocity is less, the pesk loads would. be accordingly less.

Therefore, for the parts of the test most representative of the
actual landing condition (with the airplane free-to-trim in impacts
in lL-:E‘oot waves), the lower values obtained at flight paths less theh
6. 5 -may be tahen a8 the maximm design values. The higher valnes -
obtained at higher ¥light paths may be used for more severe lending
conditions such as are represented In impacts L, 9, l)+ and 15.

The maximum pitching acceleration was 12.6 resdians per second
per second, which was obtained in a bow lmpact, while the maximum
diving acceleration vaa 8.5 radiesns per second per se-cond which
wag obtained in an aftar'bod.y _mpact 5 :

The values of angular accelev-atlon and vertioal and horizontel
load factor may be coupled disregarding phase relationship for a
conservative design of different structural components. The appropriate
values of effective trim which are given in table V may be used to
convert the horizontal and vertical components of load (given in
tables V and VI) to d:cag and normal components. -

By studying the time histories of trlm, angu.lar acceleratio;n, apnd
loed, given in figures 17 end 18, the phase relationship between the
several measured guantities may be estimeted. PFor instante, 1t is
ovident that the maximum vertical load Ffactors do not accompany the
maximum horizontal load factors. Also, the maximum anguler acceleration
usually lags the meximum verticel force.
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Comperison of Experimental

Rosults with Tmpret Load Theory

It is of interost to note whether the pressures and loads vary
in & memmer dofined by current impact theory. If approximeto agrecment
crigte the pressurcs or loads for conditlons other than those inves-
timated mey be computed in the memmer described in references 2 end 3.

Veener deduced cn eguetlon for the maximum local pressures on vea-
bottom floats, in torms of initial velocity, as given In refercnce 2,
formla (6). This formula hes been altcred for use of instantaneous
vilocities to eliminate any question as to the accurecy of the formule
when initial velocitles ere used, as discussod in the reference. Ths
modified equation 1s

~ 2
2= T 6 P )

Tmpacte which inveolved principelly the prismatic section of the
forzbody are uged in the comparison which 1s presented in figurc 19.
It is found that experimental meximm local pressures on the flat
porticn of tho bottom approximately agrece with those computed using
egnation (1) and hence this equation may be used to dotermine maximum
local pressures.

Mayimum load fectors ere defined in refersence 3. In figurc 2 of
this refercnce a load-factor coefficient is plotted against £light
peth, Substitution is mads for weight, trim, doad riss, and velocity
and the cppropricte lond froctor is obtained from the load-fdctor
coefficient for the differcnt flight paths. The dofined values are
computed on the basis that no chine curvature exists and a comparison
of defined and oxperimentel loads is presented in figure 20.

The meesured loads ere found to everago about 50 percent greater
thon the theoretical locds. This is because the mximm meesured loads
occurrcd eftor chine lmmersion. However, in vicwing the generocl trond
of the lcod varietion with £light path a8 given in figure 20, the
relationship defined in reforence 3 1is observed to be epproximately
followsd.

Loads for Impacts with chine immersion having differcnt flight
poaths, trims, or velocitics from the ocnes investigoted mey be computed
by ueing the proper values In figure 2 of reference 3. Bince the loads
on the XJL-1 were D0 percent grector that the theoretical loasds this
retio should then be applied to obtain the desired losd factors.



NACA EM No. L6IO3 _ - 15

Toads in impacts in which the chines of the XJL.-1 are not immersed
mey be teken as appreximately the same as those defined in figure 2 of
reference_3 for vee bottom floats With angle of d.ead. rise abyroxi-—
mating 22%_ . rmem _ .

Comperison of Results for Smooth Water and Rough Water

Since much of the data was obtained from runs made with high
flight path into smooth water for simulating contact on the flank of
a wave, it is desirable to compare these runs with corresponding
impacts in waves. '

A comperison of meximum local pregsures snd load factors for
several runs having comparable effective trims and effective velocities
of penetration at Time of contact is presented in ta‘ble VIII. '

In exsmining the pressures on the gage which was wetted just
efter. contact of the hull {gage 15 in impacts 7 and 8, gage 3 in other
impactg) it is obgerved that the presSsures were approximately the
seme in coFresponding rins made in smooth water and in waves. As the
float penetrated desper the corresponding pressures on the other geges
were In feir agreement except in lmpacts 36 and 4l . in which case the
recorded chine pressures are consirlerably different. This lack of
agreement is attributed to differences in local velocities at ‘bhe .
time the chine gpges were wetted. N '

The impacte in table VIII also have compara'ble wetted areas at
time of maximum immersion. However, in impacts such as 14 and 15 (see
teble IV) where the wetted areas are appreciably different at time of
meximm lmmersion, poor. agreement is evident 'netween pressures on
corresponding gages.

A sketch showing several rough-water impacts having the sams
flight variasbles at comtact but having different wetted areas at time
of maximum immersion is presented in figure 21. Asg Indicated here the
later stages of the impact would be expected. to be considera.'bly
different because of the va.rla.ti ons in local velo<31ties.

The overall loads in smooth water and in the oorresp_onding rough
water runs are found, by teble VIII, to be in good sasgreement in cases
where the wetted areas are approximately the same.

Therefore, it is apparent that one of the principal facltors '
entering the load picture with the introduction of waves is the area
involved.
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Bffoct of Wave Belght end Wavs Length

Over the range of wave helghts used In the teats thore is &
Jrfinite increcse 1n remultant loed with increased wave helght, as
‘g svident in impects 33, 30, and 21, and in 6, 8, end 3. Also, &s
obgerved in frec-to-trim tests (impacts 1 end 11, for cxasmple), the
denger of severe bow impects erose in lendinge in waves.

The date ere not adequate to establich the effect of the wave
hoight to wave length retic upon weter loeds.

Effect of Freedom in Trim

S5ince part of the deta wes obteined from fixed trim tests it is
important to determire their applicability to actual landings with
freedom in trim.

Thig 1es done by comparing data from flized-trim runs with data
from free-~to~-trim runs having approximetely the semoc test variables,
This comrarison is presented in table IX.

It is found that the over-all loed fectors and loecal pressures
ar: in good agrecmsnt except for the pressurs in the chine region
near the step (geees 4, 6, end 7). As previocusly mentioned (in the
discussion of local pressurs), the results from frce-to-trim tests
Justified the selection of recommended design values of pressure on
the forwerd portion of the chine strip below those obtained in fixed
trim tests.

The discrepancy in chine pressures near the gtoep as shown in
t£bls IX are compensntod for by two free-to-trim rums (runs 41 end 18)
in which high presgures were reglstered in this re;ion comparsbles to
the fixcd trim resulls.

No obvious effect of rotatlonel veloclty superimposed upon the
center-of-gravity velocity is epparent in the meoasured weter losds.
However, to sccurately establish any effect would roquire a careful
comparigon of the time historles of ell verledbles snd this 1s not
Justified in an experimental Investigation of meximm water loads
such as the prescnt test.
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 Effect of Reversed .C}iiiﬁes

. The comparison of experimentel load factors with corresponding
theoretical values glven in figure 20 is a clear indication of the
increass in 1oad. caused. by chine 1mmersion Whicn accompan_es heavy
impacts. | . _ L S -

The efféct of chine Immersion upon local predsures on the flat
vee portlon of the forebody bottom is showm in table IV. In
runs 7, 14, 19, 23, 24, 29, and 49, the local pressure on the flat
plate near the chine (ga.ge 4 or 5) was greater then the local pressure
near the keel (ga.ge 3). . Z

For a standard vee-bottom float with 1o chine flare 'bhe velocity
of penetration decreases with increesing immersioii and the local
presgures at the water line decrease accordingly.

The reason for the higher pressurses on ths plating near the chine
of the XJL-1 hull is demonstrated in figures 9 and 10. Gages 5 and 11,
vhich are located adjecent to the curved chine; and gages 3, 9, and 1k,
vhich are located along the keel, register two distinct peaks; which
are labeled (1) and (2) on the plots. The first occurs as the water
line passes over the gage and the second occurs a brief period .of time
after the chine gage at the sems station, gage 6 or 12 registers a
Peak- . B T —

On gages 5 and 11, the second peak is higher.' than the first peak
end in figure 9, the second peak on gage 5 even eXceeds the maximum
pressure occurring on gage 2, while in. figure 10 the second peak on
gage 11 exceseds the mexlmum pressure on gage 9. Apparently this was
the case in the cited impacts in which the pressure.on the flat plate
near the chine exceeded that near the keel.

The. lecond. peaks are attrl'buted. to the effect of a shock wave
induced by high local pressures in the reversed chine pocket which
affects the bottom area &ft of the water line and towa.rd the keol.

In runs in which a change 1n tr_m tak:es pla.ce duri ng the immersion
process the effect of the shock wave 1s considerably reduced, though
not eliminated.

A ———— R A R % B e R
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SUMMARY OF RESULTS

The recommended maximum load and pressure resulis which ere
summerized here ars apropos for the most severe condition in which
the XLJL-1 hull is expected to oporste. Thess mevere operating
conditions are, specifically, those encountered with the airplane
londing et & forward speed of 86 miles per hour end a vertical
velocity of 4.5 foet per second into waves & feet in height
end 120 feet in length.

In the free-to-trim model tests which most closely represented
thcee specific conditions, with an effoctive trim renge of -15° to 12°,
the maximum effective flight path was 6.5° and the corresponding
maximm full-scale velocity of penetration is 16.6 feet per second.
These velues are tho limlits for which the following rssults epply:

1. Tho maximum locel pressures on the flat portion of the hull
(fig. 8(b)) very from 130 pounds per squere inch at the keel nesr the
step to about 70 pounds per square inch at the kcel ncar the bow.

The maximum local progsures decrease in a transverso dlrection to
about 90 pounds per square inch adjlecenl to the curved chine in the
step region and to sbout 60 pounds per squarc inch at the forward
stetion near the chine vwhero the prismatlic sectlion ends.

2. The maximm locel preasures in the curved strily at the chine
very from 200 pounds per square inch near the step to 10 pounds par
aguare inch in the forward helf of the forebody (fig. 8(b)).

3. The maximum local pressures on the aftorbody very from small
nogitive and negative values on the forward part to a posit:lve
20 pounds per square inch near the stern (fig. 8(p)}.

4, The maximum vertical load factor is 6.4g, which was cbteined
in an impact involving the step reglon. The waximum horlzontel load
factor is 3.6g, which waes obtained in a bow impect.

5. The maximum pitching acceleration is 12.6 radiens per second

per second while the maximum diving acceleration is 8 redians per
second per second.

CONCLUDING REMARKS

The specific test results presented in the report as interpreted
in the discussion of results also provide certain qualitative
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information regarding loads and pressures. These qualitative
observations are applicable to the XJL-1 hull over the ra.nge of test
conditions covered, and are as follows'

1. The maximm local pressures on the f£lat vee portion of the
hll bottom are approximately in agreement with theorstical values
obtained by using Wagner!'s formula, given in reference 2 altered to
apply to instantansous velocities.

2. The average distributed pressures on areas comprising one-
third of the semiforebody flat plating are about. 40 percent of the
maximum local pressures in the samé region, The average distributed
pressure on any given area of flat plating may be obtained by linear
interpolation or extrapolation between or beyond the maximum local
pressure in the area and the average distributed pressure on the
larger area (equal to ome-third of the semiforebody flat plating)
within which the considered ares 1s centrally located.

3. The maximum loads are found to occur after chine immersion
and sxceed by 50 perxcent those obtained with a standard vee~bottom
float for the same test condition, as presented in reference 3.

b, Tt is observed thet change in trim during an impact has
little effect on peak load although slight local load alleviation is
apparent in bow landings with fresdom of trim as compared to the
similar impacts In which the trim is fixed throughout the impact.

5. It is also found thet an 1ncrease in wave height results in
an increase In lcad factor.
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TABIE 1
XJIL-1 FLOAT DATA

NACA RM No. L6I03

Bean at main step, in.

Angle between forebody keel and btese line, deg,

Angle between afterbody keel and dbase line, deg,

Angle of dead rise at step, deg.

Height of mein step at centrold, in.

Center of gravity forward of centrold of main step, in.
Center of gravity forward of point of main step, In.
Center of gravity above base line, iIn.

Gross welght, 1b

Load coefficlent, Ca, (fresh wate ), groms veight, 1b

Moment of imertia in pitch, 1b in,2 63.% X (beam, t)3

Scale

Fall Model

73; 3%&

Te5 TS

20.0 20.0
7.06 3.53
27.33 13.66
51.32 25.66
72-78 36039
13,5440 to 1L,k00 1680 to 1800
0. o.8§

90 by 10 2.81 by 10

(A 1is the dimensional scale factor or one-half for XJI-1)

Model values X converalon factor = egquivalent full-pcale value®

Quantity Conversion Quantity Conversion
factor factor

Length 1/% = 2.0 Moment of inertie 1A% = 32.0
Area 112 = 4.0 Velooity 1/‘);'- 1.b1k
Volums 173 = 8.0 Time 1/1%'- 1,41k
Mess or weight iA3 = 8.0 Linear acceleration or

losd factor 1A° = 1.0
Pitching moment l/)-l‘ = 16.0 FYorce 13 = 8,0
Angnlar acceleration = 0.5 Pressure 1A = 2.0

8411 trim engles meapured relative to the bese line which has been taken as the tangent

to the forebody keel at the main step.
bReference: Bridgmen, "Dimensional Analysis,™

Yale University Press.
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TABIE IY
PRESSURE GAGE LOCATION

[A1). values are full scale}

Gage ATt from Port from 4 ZVerticel

No. bow keel Prom keel
(in.) (in.) {(in.)
1 388.42 3.70 2.26
2 308.12 3.50 2.76
3 206,04 3.70 2.26
It 206.30 27.60 10.70
5 206.34 «27.72 11.00
6 203.82 31.84 12.76
T 206,44 34.68 10.70
8 156.62 4.56 2.56
9 113.00 L.76 2,76
10 113,60 -21.00 8.26
11 112.88 21.28 8.76
12 11k.12 30.88 13.70
13 1ik.12 34.88 10.70
1k 83.62 3.52 1.58
15 37.62 3.52 1,52
16 11.50 L 5.72 7.60

SMessurements made with keel line at gtep in
horizontal position.
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irst impact.
econd impact.

;‘curhh
TFrses

ty whioh varied slightly from the scaled

value of 86 mph dus to differences in catapult powder charges.

this run the force exerted by the 1ift engine was equal t,o 0.8 of the modsl weight.

impact.

h of wvave was 120 fest except in impact 1, in vhich it was 60 Feet.

yubols a8 listed ir Table of Symbols included in main body of report.
ght paths are based on measursd horiszcental vsloci

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



L6103

NACA RM No.

TARIZ IV
MATIMM FRESSURES OF XJL-1 EOULL
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Taking into consideration the conversion factor of 2 for pressure,

= Full-gcals pressurs.

ues.

1
3
’7

equal to the matio of the square of their respective velocities was used to convert the measured
28

corresponding to the full-scals landing speeds of 86 mph. Therefors, n scale fackor
presgures to full-scale
(msawured pressure) x(

e trim.

®landed in weves.
"Buring this run the force exerted by the 1lift engine was equal to 0.8 of the model welght.

OThess runs vere made at acturl model forward speads of 28.7 mph, instead of at the sceled model spesd

8xc pressure record obtained.
Prre
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TABLE V

NACA RM No. L6103

MAXTMM BORIZONTAL AND VERTICAL IMPACT ICAD FACTORS

E\u values ar_e full lcaleJ

Impect e e T iy Bip Impact u ° Te Dy By
1o, (deg) | (2eg) | (2eg) (g (& no. (deg) | (deg) { (deg) (a) (e)
e | . 6.5 -8 3.8t | 3.6 26 k.3 k.2 7 3.8 2.0
ete | s 5.9 | -13(0) | 6.2F | 3. 27 1.5 PO T 2.1 2.2
3 6.8 [ 7.8 0 5.8 E.u 208 27 ] 2| 7 1,97 .o
i 4.0 | 9.7 L 7.5 .0 29 5.5 3.1 7 k.1 2.5
s -3.0 .6 -3 A 1.2 308 5.7 3.1 7 2.957 gt
6 -3.0 | 2.1 -3 1.3 1.5 a1 6.0 2.2 7 1.3 1.k
T -3.0 | &.5 -3 3.3 2.2 328h 6.3 71 | 12 A0,
8 -3.0 4.8 0 2.2 1.k 3 6.7 2.6 T.2 1.k .5r
e -3.0 | 11.3 -3 18.1 6.8 3 7 2.1 7 147 .3
10 A5 | 2.k 0 3.0 1.k 35 7 2.8 7 1.8 &
18 Sl | k3 2 2.2 | 3.5¢ FY- 3 7 5.3 7 k7% 1.61{
12 ° 5.8 o 5.3 a 37°8 7 5.{ 7 g.9f 1.5
13 ) 6., 0 5.3 2.2 358 7 5. 7 T Py
1k o 8.5 T 8.1 4.2 % T 6.2 T 6.4 2.9
i8¢ (o} 1.5 ] 18.9 5.2 Lo T 6.k T 6.k 2.1
6 2 5.2 4 3.2 1. K18 7.7 5.0 | 11.2 5,97 1.8§
17 2 6.0 2 57 | 2.6 428 9.9 3.1 ] 1. 2.7 | 1.5
188 2.3 ] 6.5 T 5.2 1.8 43 10 1.9 10 1.2 8
19 2.6 8.6 10 6.5 (h.g} ki 10 5.6 10 5.2 (3.5}
208 3.0 | k.9 6.5 w58 | 1. % 10.5 3.1 | 12 6.0f | 2.3
218 3.3 ] s.b 7 3.9% 2.1§ 46 1.2 Al 1w .6 1.2
228 3. | k.8 6.4 hof | 1.1 L8 12 1.9 | 12 .3 ot
23 k.0 ks 4 k.8 2.3 b& 12 kb 12 2.4 'Y
2l ko | 6.1 L 6.1 2.7 uPs | 12 5.0 | 12(7.8)] 3.1 1.3
2s k.0 6.2 4 6,0 2.8

&Ko record obtained.

changed considersbly before peek loeds reached. ( ) walue at time of peak load.
CPuring this run the 1lift engine exerted a force equal to 0.8 of the model welght.

401e0 in trim buffer fully compressed prior to weter contact.

©These runs were mede at 28.T mph instead of at the scaled value (60,8 wph) representing a full-scale

lapding speed of 86 mph. (Thorefore, the meeasured accelerationa were conve
multiplying by the square of the respective velocities, 1.s., (measured g) x

fI.ead factor obtained from loed-measuring truss, othsrwise values from three-oolpone;zt acceleromster

are listed,
Efree to trim.
hAfter‘body ticks weve crest with low effective trim,
( )} Doubtful.
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TAEIE VI
MATTMIM ANOUIAR ACCELERATION AND RESULYANT LOADS

11 valuos are f011 son1q

NACA RM No.
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during impact as Indicated by presaunre

opt In iwpact 1 vhen 1t was 60 feat,

down, othervise float is pltching up.
180 in trim buffer fully cosproassd prior to water comtast.

as

b_

%o

40 cmpanentta
Stypa

of lond at tims of maximm resultant loads.

denotes nosing
of lmpaot demcribad according to hottom arse which was loadsd
Sea table IV.

deta,

Length of veve wea 120 feet exc
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TABIE VII

AVERAGE DISTRIBUTED PRESSURES ON FIAT PORTION OF FOREBODY

Ell values are full ucala]

(Data given for semiforebody)®

Pressure distribution, figure mmber
Porojected area of loaded flat plate, in.2

Meximm over-all load,1b (by integration of pressures)
Pert of maximm load on flat plate, 1b

Average distriluted preasure on loaded flat plate, Ib/in®
Maximm local pressure on loaded flat plate, 1b/in®

Average distributed pressure/maximm local pressure, percent

13
1,200
22,500
18,000
15

34

b1

14
3,300
130, 000
120,000
37

90
b1

15

820
ik, 000
¥1,000
50

124

ko

16

1o
22,000
14,500

33
88

39

Ba11 data given for time of maximum force with exception of meximmm local pressure which occurred

Just after water contact.
Brotal projected area of flat portiom of semiforebody is 5000

1n.2.

NATIONAL ADVIBORY
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are full scale

TABIE VIII

Eplnﬂmu

COMPARYBON OF SMOOTH AND ROUGH-WATER IMPACTS
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™Mo pressure record chtained.
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COMPARISON OF FIXED-TRIM AND FREE-TO-TRIM IMPACTS

TABLE IX

[All values are full lcale]

Gage number 1 2] 31| 61 71911112 |23 {au 135
v, vV, Wave 04 Pressura
° 1" lnoigt | “v|¥n (ib/sq 1n.) Imizct Remarks
(deg) | (fps) | (£t) () | (&
-1.5| 6.0 2.0 3.0]1.% ofjo} 2]5]10 ] 2]|9)0]18 |24 {20 |29 10 | Fixed trim.
-1.4] 1.3 3.6 2.213.5 20| 2] ajal13 J238{0] 3]6][2]28 11 | Free trim.
20} 13.0} o 5.712.6 al o] uimjize jor}lsjojojoler] o 17 | Fixed trim.
2.3] 166 ] 3.5 5.2118 ale]l5]a]l 0jeajerjojo]3]|e8] 2 18 | Free trim.
70l natl 2o 2.1]2.2 ohl olshloj1sfj2lolaloOo]l2lalo 27 | Fixed trim.
k.31 104 | 2.0 19| .9 olaj]s) 7|48 J)s5]15]0jo0]ojfarjo 28 | Free trim,
55| 7.9 2 k.1{2.5 11{ of 33152130 [36[ofofjojofaloO 29 | Fixed trim.
57| 78| 1.8 2.9} .7 al a|b3i2u]83 |Wm[1610]0]O0[9] 3 30 | Free trim.
7.0] o0} 0O 6.%]2.1 Wi{-6[10617T11160 |T91a]afjalalea]oO 40 | Fixed trim.
7.01 11.3{ © bTl1.6 13| a (00|73 ] 92 jT7jofojo]o|oO]oO 36 | Xree trim.
7.7 13.1| 3.5 5.911.8 17| o |104 |96 178 +26 s9jolofofo]o 1 | ¥ree trim.
7.0} 136} o 6429 1 |-6 124|184 |18 o8l ol a]l afjalea]o 39 |Fixed trim.
70} 1211 o 5.9]1.5% 19! o {1308 |1c |79l ofjo]lolofjo]o 37¢ | Free trim,
12 9.5} 0 2.4] = 23l 2] 0l 0] 0 )JO0)ajalajalal]o 48 | Fixed trim.
12 08| o 3.111.3 Bl a|wlho|or |b3]0]ofolo]o]o ho | ¥ree trim.
1.5 .
2No pressure record obtained.
PFor yart of impact corrssponding to impact k8. (See fig. 18.)
1ng this run the 1ift engine exartsd & force equal to 0.8 of the model weight.
NATIONAY, ADVISORY

COMMITTEE FOR AERONAUTICS

*ON WY VOVN

20191




}ﬁ i f? ma? m:?m%m@ iaaﬁgfssoj?rmii ems_?_eﬁo—%’; atLGEwa—?sw?xm?\m&%aa?ﬂ? ¢

7
e p,
- ’

—

el ST __..4____-..__._, ------ e e =

Half - breadth

Scal/e

. P m—— i
\QL ”L:ijéf/@/@ i bl

Frofife NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure [. - Lines of XJL-1 Floatl model (full scale dimensions)
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{(b) Side view,
Figure 2,~- Photographic views of XJL-1 float
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tested in Impact Baslin.
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Figure 3.~ XJL-1 float as tested with freedom in trim.
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Figure 4.~ Side view of load measuring truss used in XJL-1 tests.
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5.~ View of control-position transmitter adapted to measure
angular displacement,
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Figure 6.~ Fressure wnstrumen# Jlocation on XJL-1 Float:
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Figure 7.- Photograph showing several pressure gages flush-mounted in o

hull bottom,.
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NACA RM No. L6103

Pressure, / b/sg .

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 8.— -Distribution of maximun local pressures on the
XS~/ Float bottom (Full scole values).
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Figure 9.— Time. histories of pressures at different siagtons

on XJL-I botom during impact 7; T =-3;

Y= 126 F1/sec; Vy = 9.9 fi/sec.
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Figure ]l. — Time histories of pressures at aifferent
stations on XJL-I hull bottorn during

mpact 395 T=7°; 4, =126 f%sgc i W =13.6 fifsec.
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Frgure /2. — Time historres of pressures at qifferent
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Figure 13~ Instontoneous pressure  oustribatran on
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pressure /b/1n%

L taceel) =C45000 /6
Llinteq pressd)=26Q00046

NATIONAL ADVISORY
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poressvra, /18/rn<

o

Figure /it-Instantancous prassure disirbutons on XJLl-1 Floal~ bot fom;
tmpact number!S; Trim=0° ) =/26 rfsec; W =E56 Filsec.
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impact  number 44;
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Figure 18.—Time histories of resultont Forces, pifching occelerations, ond
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Figure /9.- Comparison of experimental and theoretical peak
pressures on gage 3 for smooth water impacts

oF the XJL-I! Ffloat+ with fixed +trim.
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